ABSTRACT. Background: Performance on the verb fluency (VF) task may be influenced by administration procedures and demographic factors of each population. Objective: The aim of this study was to verify whether the previous administration of semantic and phonemic verbal fluency tasks can influence performance on VF; and to analyze the correlation of VF performance with education, age and type of errors in Brazilian healthy elderly. Methods: Sixty-two participants were subdivided into experimental (semantic and the phonemic fluency tasks were administered before the VF) and control groups (VF only). The total score and the types of errors on the VF task were determined. Additional information was computed for the correlational analysis. Results: VF performance did not differ statistically between experimental and control groups, but correlated positively with education and negatively with intrusions. Conclusion:
INTRODUCTION
V erb Fluency (VF) is a task of verbal fluency that requests the subject to say as many verbs (or "things that people do") as they can within one minute. The classic verbal fluency tasks (semantic and phonemic) request the production of nouns or object categories. 1 Patients with different types of frontal brain pathology exhibit worst performance on the VF than on other verbal fluency tasks. This dissociation has been described in patients with nonfluent Primary Progressive Aphasia, behavioral Frontotemporal Dementia, HIV-1 infection, schizophrenia and Parkinson's disease. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Evidence of this dissociation raises the possibility of using the VF task as a marker of frontosubcortical impairment. 13 Given this clinical applicability, the task has been used in neuropsychological investigations. How-ever, the administration of the VF task, akin to other neuropsychological tasks, might be influenced by administration procedures and/or demographic factors of individual populations. Previous studies using different tasks of verbal fluency, administered the VF after other verbal fluency tasks. [6] [7] [8] 11, 14 The previous administration of other verbal fluency tasks might influence VF scores. The application of the California Verbal Learning Test-II (CVLT-II) prior to verbal fluency tasks produced higher verbal fluency scores. 15 Nonetheless, the effect of verbal fluency tasks presented before the VF task has not yet been studied.
The influence of age and education on the VF task has been previously evaluated. [16] [17] [18] Education showed higher impact on performance than age. However, these studies were carried out in developed countries in populations with higher educational level. Investigations of performance in low-educated populations from underdeveloped or developing areas of the world are still lacking.
The aim of this study was to verify whether the previous administration of semantic and phonemic verbal fluency tasks can influence performance on the VF task in Brazilian healthy elderly. The correlation of education, age and type of errors with the VF task was also analyzed.
METHODS
Translation and cultural adaptation of verb fluency instructions. The instructions of the VF task are pivotal for proper application of the task. The instructions have to be easily understandable in terms of language as well as cultural features of the population in which the VF will be carried out.
In the present investigation, two researchers produced a previous translation of the VF task instructions from the original, 19 which included all sentences of the original instructions. The original instructions are as follows:
fine a Brazilian Portuguese version with easily understandable instructions for all educational levels (from illiterate to higher education). The investigators administered the direct translation of the instruction to a group of participants. Many participants had difficulty understanding the passages "I don't want you to use the same word with different endings" as well as "give me single words…". This difficulty probably occurred because most participants had a lower educational level, leading to greater difficulty in understanding the linguistic aspects of words. Based on these results, we devised a simplified version containing the essential instructions to execute the task. In an application of this adapted version, the participants showed satisfactory comprehension of the task.
The final Brazilian Portuguese instructions were as follows: A pilot study was carried out for the application of the translated VF instructions in an elderly group of mixed educational level. The aim of this pilot study was to deParticipants. Sixty-two elderly subjects were recruited from social groups near the clinical research center of the Hospital de Clínicas de Porto Alegre (HCPA) or drawn from relatives or companions of patients of the dementia clinic at the same hospital. The inclusion criteria were: Brazilian Portuguese as the first language, at least 60 "I will set one minute and during this time you will have to tell me as many words that mean things that people do as you can, for example eat and walk. Do you understand?" If the answer is yes: "Give me an example". If the example is correct: "We are going to start now. Tell me other words that mean things that people do, besides eat and walk." If the given example is incorrect, give the explanation again with one more example. In the case of individuals with high educational level, the expressions "verb" or "action" can be used to explain the task. years of age, and no cognitive complaints. Individuals reporting medical history of any neurological and/ or psychiatric diseases, uncorrected visual or hearing problems, and Mini-Mental State Exam (MMSE) scores below the cut-off for education 20 were excluded.
Procedures. Participants were randomly subdivided into experimental (EG) and control (CG) groups. The EG comprised 32 participants who were administered the semantic 21, 22 and phonemic fluency (FAS) 23 tasks before administration of the VF task. Thirty participants comprised the CG to whom the VF task was administered alone. Educational level, age, gender and handedness were matched between groups to ensure group homogeneity. Demographic data were similar between groups ( Table 1) .
The final score on each verbal fluency task was the total number of correct items produced during one minute. Perseverations (repetition or inflection of a previously generated response, including the participant's self-generated word as the example or the example used in the instructions) and intrusions (words from other grammatical classes or neologisms) were scored separately to verify the errors produced by the participants.
This study was approved by the HCPA Research Ethics Committee and all participants gave written informed consent.
Data analyses. All analyses were performed using the Statistical Package for Social Sciences (SPSS) version 18. The continuous variables were expressed as mean, standard deviation, range, and median while categorical variables were expressed as absolute and relative frequencies. The one-sample Shapiro-Wilk test was conducted to evaluate normality. The t-test was performed for the continuous variables with normal distribution, and Mann-Whitney or Kruskal-Wallis test for the continuous variables without normal distribution. The categorical variables were analyzed using the Chi-square association test. Education, age, and type of errors were evaluated with correlational analyses (Spearman's correlation). Subsequently, education was classified into subgroups (low, medium and high). A critical alpha of .05 was employed for the analyses.
RESULTS
No significant difference was observed in VF performance between the CG and EG (Mann-Whitney test; p = 0.133) ( Table 2) . Likewise, intrusions (p = 0.670) and perseverations (p = 0.969) did not differ between groups (Table 2) . Since the previous application of the verbal fluency tasks did not affect the VF, we used data from the total sample for subsequent analyses. The distribution of VF total correct score, intrusions and perseverations are given in Table 3 . The total score on the VF correlated positively with education (rho = 0.616; p = 0.001) and negatively with intrusions (rho = -0.318; p = 0.05) using Spearman correlation. Age (rho = -0.055; p > 0.05) and perseverations (rho = -0.017; p > 0.05) did not correlate with VF scores.
Participants were subdivided into 3 groups of education, low (0-5 years), medium (6-11 years) and high (≥ 12 years), to compare VF scores among groups. The high education group showed significantly higher scores than the low education group (p < 0.05) ( Table 4) .
DISCUSSION
We conducted this investigation to verify whether previous application of verbal fluency tasks can influence VF performance, and to verify the correlation of education, age, and type of errors with VF scores in a sample of Brazilian elderly. The analysis of f semantic and phonemic verbal fluency performance was not the aim of the study, therefore the reverse order (verbal fluency after VF) was not investigated. The VF scores were similar in both groups, demonstrating no effect of the application of verbal fluency tasks prior to the VF task.
Verbal fluency tasks demand a fast search of words in the lexical-semantic storage. In addition, other cognitive processes are also important, such as working memory and executive functions. 24 The VF task requires the production of verbs. Verbs are more complex than nouns because they have more inflexions, more syntactic relationships with other words in the sentence, are acquired later in the process of language acquisition, have a less hierarchic semantic network, a greater number of high frequency words and are associated with longer reaction times in naming than nouns. 25 All these features together mean the VF task places greater demands on executive functions and involves more activation in the semantic network than other verbal fluency tasks.
Verbs are a grammatical class of words referring to concepts of actions and have a syntactic relationship with nouns. In the event of administration of semantic and phonemic verbal fluency tasks prior to the VF task, Table 3 . Distribution of Verb Fluency results (total score and errors) in the total sample of Brazilian elderly people.
Mean (SD) Range Median
Total score the activation caused by nouns (from semantic and phonemic fluency tasks) in the semantic or lexical networks might propagate and activate syntactic networks or concepts of actions possibly associated with the nouns from the previous fluency tasks. The prior application of verbal fluency tasks may therefore facilitate retrieval of a higher number of verbs in the last task as an effect of practice or priming, consistent with the concept of the semantic network theory 26, 27 . On the other hand, the presentation of the verbal fluency tasks before the VF task might hamper performance on the latter task as a consequence of fatigue. However, no effect of the prior administration of the verbal fluency task on the VF task was found in this investigation.
We observed significant correlation of education with VF total scores, as well as a significant difference between high and low education subgroups. The median observed was 7.50 in the low group, 11.00 in the medium, and 15.50 in the high education group. Participants with high educational level produced a greater number of verbs on this task. The effect of education on the VF task has been demonstrated in elderly populations. However, these populations typically had a higher educational level than that of the present sample. 5, 14, [16] [17] [18] Individuals with higher educational levels may be better prepared for the task by recruiting the grammatical framework needed to produce action words.
14 Our findings demonstrated the effect of education in this particular cognitive task. Education as an indicator of cognitive reserve has been investigated in different clinical conditions and in normal aging, showing a protective effect. 24 Furthermore, individuals with higher educational levels have greater cognitive reserve and consequently more neural connections, making it easier to integrate information and access the lexicon. We also observed a significant negative correlation of intrusions with VF total scores. The more verbs generated, the fewer intrusions registered, i.e., better, faster grammatical class processing is associated with fewer errors. We assume that intrusions may reflect difficulty in understanding the instructions of the task or difficulty accessing the grammatical class required. Higher intrusions may be a sign of disruption of VF processing due to the aging process. However, this relationship needs to be better investigated by studying VF errors in different clinical conditions.
On the other hand, perseverations can represent memory difficulty or attempts to fill time when new words do not come to mind. However, we found no correlation of perseveration with VF performance in this sample of healthy elderly.
The present investigation showed the lack of influence of other verbal fluency tasks on the performance of the VF task in elderly individuals, which allows the use of this order of administration in clinical and research settings. A strong influence of educational level on VF task performance was also observed, reinforcing the need for further studies in different populations. The cultural and demographic profile of North American or European populations is very different from those observed in developing countries such as Brazil. To our knowledge, apart from some studies in Brazilian patients with clinical conditions, 24, [29] [30] [31] this is the first study focusing on the application of the VF task in a healthy elderly Brazilian population. Future studies should explore VF performance in younger population and other neurological disorders. 
